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INTRODUCTION 


The  objective  if  the  workshop  was  to  provide  a  forum  for 
the  sharing  of  information  and  the  discussion  of  device 
applications  in  the  area  of  organic  and  polymeric  nonlinear 
optical  materials.  The  workshop  addressed  the  issues  of 
theory,  characterization,  synthesis,  molecular  assemblies, 
and  potential  device  applications.  Multidisciplinary 
interactions  are  vital  to  the  addvancement  of  research  in 
this  field,  and  the  seventy-six  participants  included 
scientists  from  the  USA,  Japan,  UK,  France,  Germany,  and 
Canada  and  represented  academic,  industrial  and  government 
laboratories . 


WORKSHOP  FOCUS 


The  workshop  focus  was  divided  into  five  half-day 
sessions  and  addressed  the  following  topics. 

Theory:  Current  theoretical  work  on  nonlinear  optical 

interactions  in  organic  and  polymeric  materials  was  reviewed, 
with  a  focus  on  understanding  the  microscopic  properties  of 
these  systems  and  their  correspondence  to  the  macroscopic 
properties.  The  value  of  modelling  these  systems  and  the 
usefulness  of  the  theoretical  projections  for  determining 
structural  requirements  for  enhanced  nonlinear  optical 
activity  was  discussed. 

Characterization:  Experimental  studies  to  deteimire  the 

second  and  third  order  nonlinear  optical  susceptibilities  of 
organic  and  polymeric  systems  was  discussed.  Limiting  values 
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for  device  applications  derived  from  characterization  studies 
were  presented. 

Molecular  Assemblies:  Characterization  measurements  have 
been  carried  out  on  many  materials  in  a  variety  of  forms  to 
provide  information  on  structure-property  releationships . 
Molecular  order  is  essential  for  second  order  nonlinear 
optical  effects  and  may  enhance  third  order  effects. 

Therefore,  control  of  molecular  orientation  in  these  systems 
is  important.  Useful  molecular  assemblies,  including 
Langmuir-Blodgett  films  and  electrically  poled  polymer 
systems  were  discussed. 

Synthesis:  The  synthesis  of  organic  and  polymeric  systems  is 

most  effective  when  carried  out  in  conjunction  with 
theoretical  development  and  characterization  efforts. 

Examples  of  how  synthetic  efforts  can  be  used  to  enhance 
nonlinear  optical  activity  and  to  improve  the  physical 
properties  of  materials  under  consideration  for  use  in 
devices  were  presented. 

Device  Applications:  Discussions  addressed  the  current 
status  and  the  future  potential  of  devices  utilizing  organic 
and  polymeric  nonlinear  optical  materials. 

SUMMARY 

The  Workshop  on  Organic  and  Polymeric  Nonlinear  Optical 
Materials  was  very  successful.  The  informal  atmosphere 
encouraged  informal  discussions,  of  particular  importance  in 
this  interdisciplinary  field. 
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NLO  Response  in  Polymers 
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Basic  Structure  of  an  Optical  Neural  Network 
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Third  Order  NLO  Response  of 
Ordered  Polymers 
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X(3)  Materials 
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NONLINEAR  OPTICAL  MEASUREMENTS 
ON  LIQUID  CRYSTALS 

AND 

QUASI-LIQUID  CRYSTALS 
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NONLINEAR  OPTICAL  EFFECTS 

IN 

CONJUGATED  SYSTEMS 


SECOND  ORDER  NONLINEAR  OPTICAL  EFFECTS 
IN  CONJUGATED  SYSTEMS 
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ADVANCED  OPTICAL  MATERIALS  PROGRAM 
ORGANIC  BASED  DEVICES'! 
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OUTLINE 

L  REVEW  OF  SECOND  ORDER  NCNUNEAR  OPTICS,  CHARACTSflZATION 
METHOOS  AND  DEVICE  CONFIGURATIONS 

l  ADVANTAGES  OF  ORGANIC  NONLNEAR  OPTICAL  MATERIALS 

A  MATERIALS  PROCESSNG/APPUCATIONS 

IV  ELECTRO  OPTIC  MATERIALS  -  CRYSTALS  AND 
POLED  POLYMER  SYSTEMS 


CUVSThLSMa 
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electro-optic  effect 


MATERIAL  FORM:  POLYMER  SYSTEMS.  CRYSTALS 

ADVANTAGES:  DBECT  AEASURBiBTT  (DEVICE  FORM) 

[DISADVANTAGES:  LESS  SENSITIVE  THAN  SHG 
NOT  AN  N-Srru  TEST 
CRYSTALLOGRAPHC  ORENTATION 
FOR  CRYSTALS 


ADVANTAGES  OF  ORGANIC  MATERIALS 

*  SYNTHETIC  TACORA8UTY  VIA 
OBjDCAUZATTONySLBSTTTUerTS 

*  SU3PICOSECCMD  RESPONSE  TIMES 

*  TRANSPARENCY 

*  MECHAMCAL  At€>  STRUCTURAL  STABUTY 

*  HGH  RADIATION  DAMAGE  THRESHOLD 

*  SWFOAeNTAL  STABUTY 

*  PROCESSABUTY 

*  ROOM  TEMPERATURE  OPERATION  OF  DEVICES 


MATERIALS  PROCESSING 


e.g.  CHAMNEL.  waveguides 

•  REOURES  LOW  LOSS  (<i  cB/cm) 

•  REPROOUCBLE.  WELL-KNOWN 
TECHMQLES  AVALABLE 

•  NDUCE  OROER  RATHER  THAN  RELY 
ON  CRYSTAL  RACXNG 


CRYSTALS 

&g  SULK  CRYSTALS 

CHANFd  WAVEGUIDES 
VAPOR  DEPOSITED  FLMS 

•  REOURES  LOW  LOSS  (<i  cfi/cm) 

.  BULK  CRYSTALS  MUST  BE  DURABLE  ENOUGH 
FOR  CUrnNG  AMD  POUSFt'JG 
.  COMPLETE  CRYSTALLOGRAPHC  ORIENTATION 
IS  REQUFED 

•  PRWCm.  OPTIC  MDCES  AMD  AXES  RELATIVE 
TO  0CTERNAL  MORPHOLOGY  MUST  BE 
DETERMMSD 


SECOND  HARMONIC  GENERATION  APPLICATIONS 


dsuOMng  optical  troquiwcy  gnts  4a  ilwaqo  density 


APPLICATIONS  -  ELECTRO-OPTIC  EFFECT 


directional  coupler 
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MCXECULAK  MiXXLIING 


HOMO  OJMO 


d  *£-  difference  m  ^rcxind  dale  and  excited  dale 
dipole  moments 


5-CHLORO-2-NITROANIL1NE 


'  ci 


c 


a  -  30.844  A 
b  =  3852 
c  -  6.004 


Figure  4.  An  illustration  of  the  crystal  structure  of  5-chloto-2-nitroaniline.  Significant 
intra-  and  intermolecuiar  hydrogen  bonding  indicated  by  thin  lines. 
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5-CHLORO-2-NITROANILINE 

SPACE  GROUP  Pna2, 

polarization  axis  ;  C-axis 

P*  X  (333)  x  /3(zz z)COS50 
,  Z 


Z  '  polarization  axis  of  molecule 
C  i  polarization  of  crystal 


Figure  5.  A  projection  of  the  nbbon-iike  packing  structure  of  5-chiortv2-mtro*miine.  Z*  C  =  COS  6  —  0906 

Molecule*  m  each  row  are  connected  bv  significant  intermolecular  hydrogen  bonding.  ~~ 

SHG  PACKING  EFFICIENCY  =  0.74 
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ELECTRODE  CONFIGURATION 
FOR  MEASURING  E-0  EFFECT 
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SHG  STUDIES  OF  POLED  POLYMERS 
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POLED  POLYMER  SYSTEMS  FOR  ELECTRO-OPTIC  EFFECT 
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OPTICAL  NONLINEARITY:  MOLECULES, 
ASSEMBLIES  AND  WAVE  PHENOMENA 


L-1 


I 
I 

I 

I  G.  Khanarian 

;  Hoechst-Celanese 


CHARACTERIZATION  OF  POLYMERIC 
NONLINEAR  OPTICAL  MATERIALS 
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Types  of  Molecular  Packing 


j  ”  OF  °01ED  Fl-gXIBLE  DIPOLAR  POLYMERS 


Packing 

Type 

Order 

Magnitude 

\/ 

Non-centric 

Second 

Moderate  •  -h»ory  nm  •*  «*  •r«h 

1  j 

'  1 

Non-centric 

Second 

Strong 

Centric 

Third 

Strong 

\l 

Centric 

Third 

Weak 
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Direction  of  dipole  moment 


fUoct  eoleulojon*  can  0* 
Thoory 
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Hj  Raman  Call 


Second  harmonic  intensity  (art)  units) 
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Second  Harmonic  Intensity 
From  a  Poled  MNA/PMMA  Alloy 


When  •  «  0  .  b  »  0  am)  there  n  no  component  ol  d  etong  E.  and 
mere  n  no  second  harmonic  ooaerved 


The  Matter  tnnge  eras*  Irom  an  interference  Oe tween  me 
fundamental  Beam  anc  generated  harmonic  wave 
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MEASUREMENT  PCR  PCCKELS  ANO  KERR  EFFECT 

■“he  oiretnngence  in  nauced  irt  a  Kafr  ceil  is: 
in  .  .BE' 

ana  m  a  Pocket  call: 

an  •  1/2  m'E 

“he  birefringence  results  in  a  retardation  r 
r  .  2aani 

m  tna  small  angie  approximation.  Equation  a  Decomes: 

1  -  1  (i  -  r| 

I#  2 

A  sinusoidal  voltage  is  aoptied  across  tna  eiectro-aonc  call 
V  .  VO  smwt 

Suostituting  Eduauon  T  into  equation  5 

„  ■  „  -  Karr  *  -  Packet  smart  ■  r  Karr  cos2wt 
2  ~ —  - 2 -  ^ 


PCCKELS  E-PE" 

The  optical  retardation  is 

r  -  2s  1  in 

1 

I  Optical  path  length 
m  Induced  birstnngence 

i  Wavelength  ol  light 

The  induced  birefringence 

m  •  1  (n|  r„  •  n|  rj  E 

2 

r  Pockets  constant 

n  Relractnre  index 

E  Applied  etectnc  field 

cor  poled  metanals 

r  I  r,, 

3 

This  result  is  obtained  irom  a  -ermodvnamic  model  tor  poling 
-  Boltzmann  stem  tics 


The  aooarant  angular  oeoenoence  ot  tne  Pockets  elfect  arises  from 
cnange  ol  optical  oath  length 


cose 


oners  d  is  tne  thickness  ot  tne  sample 


The  analyzing  lignt  beam  seas  a  different  birefnngencs  as  a 
function  ol  angle 


in  is  •  «  1*  •  90*)  sm's 


•  is  the  angle  Qatar  sen  the  normal  axis  ot  sample  and  the  lignt 
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SCHEMATIC  OF  ELECTROOPTIC  APPARATUS 


QUAHIER 

WAVE 


POLARIZER  Pt  A1 6  ANALYZER 


signal 

GENERATOR 


REFERENCE  SIGNAL 


Pockets  Effect  from  Poled 
MNA/PMMA  Sample 


intensity 
( art),  amts I 


(  Angular  dependence ) 


0.0' 


10# 


20'  30* 

Rotation  angle 


40' 


Pockels  Linear  Electro-optic  Effect 


Slab  was  cut  and  polished  for  electro-optic  measurement 


Arrhenius  Plot  of  Kerr  Constant 
for  MNA  Optical  Composites 


2.5  2.8  2.7  2.8  2.9  3  3.1  3.2  3.3  3.4  3.5 

to3 1  /temperature  (K) 
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THERMODYNAMIC  MODEL 


Assume  that  nonlinear  optical  molecules  are  oistnbutea 
onentationally  according  to  Boltzmann  statistics. 

m  Nf* <  «iri  ♦  2)  uE 
n  -  2t  5kT 

N  numoer  density 

f  internal  field 

s  nyperooiarizaoility 

u  diDoie  moment 

E  poling  field 

k  Boltzmann  constant 

T  temoerature 


NLO  Side  Chain  Polymers 
First  Generation 


Backbone 


Spacer 


NLO/mesogen 


n-2,3,5,6,8, 1 1,12 


«  dielectric  constant 

n  refractive  moex 


RESULTS 


Sample  , ' 

10% 

MNA/PMMA  1.6  1.5 


Dependence  ot  Glass  and  Clearing  Temperatures 
on  Carbon  Spacer  Length 


» "(calc) 


0.6 


All  values  are  xlO-'  esu  and  are  at  1.06  um 
•  (-2-...W  measured  at  1  06  um 

i  (-*.«.0)  measured  at  0.63  um  and  a  dispersion  relation 
was  used  to  obtain  values  at  1.06  um 


(calc)  used  the  thermodynamic  model 
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NLO  Polymer  Properties 

X12>  at  1.3  pm  >50  pm/V 

r  (calculated)  >  14  pm/V 

n  ( 1,3  (im)  1.57 

e  (DC)  3.5 

e  (n2)  2.6 

waveguide  loss  at  1.3  pm  0.9  dB/cm 

Spin  coatabia  from  common  solvents 
Poled  lor  application 

Stable  (<10%  loss)  at  >5Q'C  lor  5  /ears 


-JMSVUIB  3LCMST*  flLMS 


•  :0  datenei 


•  Onsmstion  ol  Molecules  Dy  Surte 


#  Jselu!  tor  cuno*m#nisl  Sludiss  ot 


m*f#ction  ot  'aaiauoo  moiecuiet 
.spvctroscoovt 


-  HyofOommatnWy 


Langmuir-BIodgett  Film  (LBF)  Formation 

•  Is  me  deposition  on  a  surface  of  a  single  molecular  layer  at  a 
highly  ordered  stale 

•  Sequential  deposition  leads  (o  periodically  structured  films 

•  H  is  done  by  transfer  al  a  compressed  molecular  surtace  layer 
on  a  liquid  onto  a  solid  surface  by  dipping 

fc  Transferred  layer  on  solid  surface 
..  In.  Molecular  surtace  ayer 


-  tAoMcuwturttc*  irtwcpow 


int«r«ci>on  tutwnn  mywfr 
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Applications 

a  i 

—  Nonlinear  optics: 

Bistable  switches 

Thin  film  SH  and  TH  generation 

j.  j 

iao-i 

—  Electro-optics: 

Thin  film  light  modulator 

^  * 

—  Integrated  optics: 

Planar  dielectric  wave  guides 

25  I 

^  ! 

>20^ 

0  05  ,0 

fractional  area  OCCURS*  t>€  DVC 

I  5.  Plot  of  die  second-hsroonic  (SH)  st*n»i»  7*~  '  ’O’ 
.--xl  reisdve  u>  the  pu.ru  reference  tUb  versus  the  sres  .rscuo. 
cupted  by  die  dye  in  die  mixed  monoiayer. 
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CLASSES  OF  ORGANIC  NLO  DEVICES 


•  Electro-Optic  Otvic«s 

-  Control  of  light  with  electronics 

-  Eased  on  the  second  order  NLO  susceptibility  x" 

-  Applications:  Hybrid  optical  processing  and  optical 
communications 

•  All  Optical  Devices 

-  Control  ol  light  with  light 

-  Eased  on  me  third  order  NLO  suscsoiibility 

-  Applications:  All  optical  computing  and  ultra-last 
optical  communications 


POLYMER  GUIDE  FABRICATION  PROCESS 
COMPONENTS 

-  Spin  Coaling  (thin  film  formation) 

-  Buffer  Layer  and  Substrate  Materials 

-  Patterning 

-  Metallizing 

-  Beam  Coupling 
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MODULATOR  RESULTS 


MATERIAL 

!  LENGTH! 
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j  ^33 
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1  (pm/V) 
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i  PMMA:  pNA 
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SUMMARY 


-  Organic  NLO  research  at  HOC  has  developed 
outstanding  NLO  and  EO  polymers 

-  These  materials,  additionally,  exhibit 
combination  ot  excellent  performance 
characteristics  and  fabrication  properties 
for  NLO  and  EO  devices 

-  Initiative  to  develop  a  series  of  important 
NLO  devices  has  been  undertaken  at  HOC 

-  Fabrication  science  and  technology  for  the 
materials  is  a  key  component  of  the  initiative 
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4  SERIES  OF  NOVEL  RUTHENIUM  COHfOWOS  HAVE  BUI  DEVELOPED  F0«  USE 
VITA  THE  IAMMIR-ILOMETT  DEPOSITION  TECMIOOE.  C0MPLEXIN4  Of  A 
I"  RUTHENIUM  (CYCLarElTAIIElTL-llS  TIIPMENYLPNOSPNINEJ  I  KEA8 
SCOOP  TO  A  CYAOOTECmClYl  LIQUID  CRYSTAL  MOLECULE  IAS  BUN  SJKMN 
TO  1ICIE4SE  THE  SECOIO-ORDER  NOl-LINEAC  OPTICAL 
MYPERP0LA1 I Z ABILITY  ABB  FURTHERMORE  IIMCE  COLT  I  LAYER  RMMATIOB. 
OPTICAL  ABSORPTION  SATA  HAVE  REVEALED  THE  EXCELLENT 
REPROmmLlTY  OF  SUCCESSIVE  NONOLAYER  TRANSFER.  SECONB 
HARMONIC  GENERATION  HAS  BEER  OBSERVES  AND  THE  EFFECT  HAS  8C£i 
INCREASED  BY  IHCOIPOIATIHA  UNSQBST I TQT50  Li  QUID  CRYSTAL  HOLECULES 
IRTO  THE  VOIDS  BETVEEl  THE  TERPNEHYL  CHAUS  OF  AQJACEIT  RUTHENIUM 
SUBSTITUTED  HOLECULES.  HE  HAVE  FURTHER  OPTIMISES  THE  NON-UNEAR 
RESPONSE  BY  SYSTEMATICALLY  VARYING  THE  ELECTRON-RELEASING 
CHEMICAL  GROUP  AMD  THE  CONJUGATION  MITH1N  THE  MOLECULE. 
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FIGURE  1 


>11  I  TYHCll  CTIM-TEIPWIYL  HOLECIIIE  ill. 

Ill  T«  I (C|M|I  ».  IYYHVV  SOISTITIITED  MLECUEE 
POSSESSES  I  LIME*  secmo-oioei  IM-UIEU 

OfTICIE  HYfEtfOUlIZMIllTY  THU  COMOUlO 


AREA  PER  MOLECULE  (A1) 


FIGURE  2 

me  iehiyioii  ofmleciees  of  comEi  i  no  u  moEisoiit 
COOftESSlOO  0«  t«E  «TE1  SOOfICE.  1*1  COOfUX  1  II  10  5.1.  (I.  c 
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COtlESMOO  ICCaumT  TO  T*  1USMP  CMSS-SttTIOO*.  UE*  Of  TK 
■llltllM  Oil  MOO*. 


FIGURE  3 


OfTICIL  IIMtfTlOO  YE  ISIS  HE  WKI  Of  TMISFEMED  MOOLI  YE  IS. 
TIE  EIIEII  lELIIIOlSlIf  IIIICITES  HE  tEflOOOCIHLITY  OF 
SKCESSIYE  MOOLI  YE  I  OEfOSItlOO. 


SQUARE  HOOT  OF  SECOND  HARMONIC  SIGNAL 
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NO  INCORPORATION 


FIGURE  4 


THE  NEUTtONSHIP  BETWEEN  THE  SOUAIE  «00T  OF  THE  SECOND  HAWOniC 
SENEUTIQN  SIWM.  UO  STNENiTM  THE  THICKNESS  OF  THE  HI*.  THE 
4P»fOX IRATELY  UNEAl  RE'-TT  10NSR I  P  INDUES  THE  UNIDIRECTIONAL 
ALIGNMENT  Of  THE  MOLECULES. 


(b)  INCORPORATED  CTP  MOLECULES 


FIGURE  S 

H(W  PACK  IK  DENSITY  STRUCTURES. 

(A>  THE  UNO  ID  CRYSTAL  NOlECULES  MY  REKAlR  ON  THE  HATER 
SURFACE. 
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,g)  they  my  be  incorporated  INTO  the  NATKII  PORTED  by  the 
WITHER I  UR  SUISTITUTED  HOUOIUS- 
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FIGURE  7 
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B.  K.  Nayar 

British  Telecom  Research  Laboratories,  U.  K. 


ORGANIC  NONLINEAR  OPTICAL  DEVICES 

AND 

MATERIAL  CONSIDERATIONS 
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ACTIVE  WAVEGUIDE  TYPES 
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ASSESSMENT  OF  CCFs 


MNA  CORED  SILICA  FIBRE 
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SUMMARY  OF  CCF  SIIG  RESULTS 
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PIfASE-MATCHING  IN  WAVEGUIDES 
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TOPICS 

•  MATERIALS  ASSESSMENT 

•  GROWTH  OF  THIN  SINGLE  CRYSTAL  FILMS 

•  FABRICATION  OF  DEVICE  STRUCTURES 

•  DEMONSTRATION  OF  CHANNEL  WAVEGUIDING 

•  INTENSITY  DEPENDENT  PHASE-MODULATION 


IMPORTANT  PARAMETERS  FOR 
MATERIALS  SELECTION 

•  EXTENT  OF  CONVERSION  (MONOMER  -  POLYMER) 

•  EXTENT  OF  CONJUGATION  (PLANARITY) 

•  THERMAL  STABILITY  (THERMOCHROMISM) 

•  SOLUBILITY 

•  EASE  OF  CRYSTALLIZATION 
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CONCLUSIONS  FROM  NMR  STUDIES 


•  THE  CONJUGATION  LENGTH  IS  DETERMINED  BY  THE  EXTENT  OF 
PLANARITY  OF  THE  CHAIN-BACKBONE. 


•  INCREASE  OF  CHAIN  LENGTH  DOES  NOT  GUARANTEE  INCREASE 
OF  CONJUGATION  LENGTH. 

I  •  THE  ACETYLENIO  FORM  IS  PREDOMINANT  IN  POLYDIACETYLENES 

INDEPENDENT  OF  PHASES. 
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GROWTH  OF  THIN  FILM  CRYSTALS 

A 

•  THE  SHEAR  METHOD 

ORIENTATIONAL  PRINCIPLES 
REQUIREMENTS  ON  MOLECULAR  SHAPE 
GROWTH  PARAMETERS 
CONTROL  OF  THICKNESS 
OPTICAL  QUALITY  OF  FILMS 

•  COMPARISON  WITH  THE  L-B  METHOD 

•  ASSESSMENT  OF  APPLICABILITY 


PRESSURE 


PRESSURE 


COMPARISON  OF  THE  CALCULATED 
MOLECULAR  LENGTHS  WITH  THE  OBSERVED 
B  .  d-SPACINGS 


A 

CALCULATED 
LENGTH  L(A) 

COMPENSATED 

d-SPACINGS  OF 

SPREADING  COEFFICIENT 

MATERIALS 

LENGTH 

L«in*<A) 

1ST  OROER 
REFLECTIONS!  A) 

RC  =  C  -  C  2  Cfl  WITH  R 

s«/A*  rK-  rB- 

1.  -  CH,  OH 

-e.i 

8.1 

8.05 

2.  -  (CHt)4  OCONH  C2H5 

-17.9 

17.9 

17.87 

*  w*s  -  wBa 

3.  -<CH,)4  OCO  NH  C«HS 

-19.5 

19.5 

18.94 

f  a  SURFACE  TENSION 

4.  -  CH,  OSO,  Cf  H«  CHj 

—  1  4.8 

12.9 

12.87 

Was  =  WORK  OF  ADHESION 

5.  -  (CH,)  OCO  NH  CH,COOC«Mt 

-26.9 

26.9 

26.80 

WBB  a  WORK  OF  COHESION 

C5M 

-8.0 

8.0 

8.40 

HO  . 

HO— M-<2)-NO‘ 

-10.5 

10.5 

10.05 

FOR  SPONTANEOUS  SPREADING 

s«/a>o 


|  SHEAR 

d~  1  pim 


TOTAL  SHEAR  T  a  T,,,  +  T.„ 

LATERAL  PRESSURE  P  -»  107  OYNES/cm2 
EQUILIBRIUM  SPREADING  PRESSURE  OF  A  MONOLAYER 
pmona~107  OYNES/cm2 


PRESSURE 

SENSOR 


COMPARISON  OF  THE  L-B  AND 
THE  SHEAR  METHOD 


•  POLAR  INTERACTIONS  HAVE  IMPORTANT  ROLES  IN  BOTH  THE 
METHOOS. 

•  IN  THE  L-B  TECHNIQUE  A  LIQUID  IS  USED  AS  THE  SUBSTRATE. 

IN  THE  SHEAR  METHOD  SOLID  SUBSTRATES  ARE  UTILIZED. 

•  THE  L-B  METHOD  APPLIES  TO  AMPHIPHILIC  MOLECULES  ONLY. 
THE  SHEAR  METHOD  IS  APPLICABLE  TO  A  BROADER 

RANGE  OP  MOLECULES. 

•  THE  L-B  METHOD  PROVIDES  ORDER  ALONG  ONE  DIRECTION  ONLY. 
THE  SHEAR  METHOD  LEADS  TO  3-0  ORGANIZATION. 

•  THE  L-B  FILMS  HAVE  MICRO-DOMAIN  MORPHOLOGY  (POOR 
OPTICAL  QUALITY). 

THE  SHEAR-GROWN  FILMS  ARE  UNIFORM  SINGLE  CRYSTALS 
(EXCELLENT  OPTICAL  QUALITY). 


INTENSITY  DEPENDENT  PHASE  MODULATION 


n=  rvj  +  B,! 

2  7T 

=  T  1,2  1  L  •  L=  LENGTH  OP  PROPAGATION 
A  <p=  PHASE  SHIFT 


FOR  A —0.8  TO  2.0  ft 

nj  OF  PTS  —  7  x  1CT«  em^/MW 


(HERMANN  AND 
SMITH.  1980) 


IF  OPTICAL  PULSES  OF  PEAK  POWER  -  500  mW 

ARE  FOCUSSED  ON  A  CROSS-SECTION  —  I  /tm* 

— —  ▼ 

FOR  L  — 1 .4  mm. 


IN, 

IN; 


WITH  SUBPICOSECONO  PULSES 
ENERGY  REQUIREMENT  <1  pj/blt 

THE  DATA- RATE  THAT  THE  DEVICE  COULD  HANDLE  ~1  THx 
NONABSORPDVE - -NO  THERMAL  DAMAGE. 


SEMICONDUCTOR 

LASER 


SAMPLE 


6 


SUMMARY 


A  COMPARATIVE  EVALUATION  IS  MADE  FOR  DIFFERENT 
POLYDIACETYLENES  IN  RELATION  TO  NLO  DEVICE 
APPLICATIONS. 


•  C”  -  NMR  RESULTS  SHOW  THAT  THE  CONJUGATION  LENGTH  IS 
DETERMINED  BY  THE  EXTENT  OF  PLANARITY  OF  THE  CHAIN 
BACKBONE  ANO  NOT  BY  THE  CHAIN  LENGTH. 


•  THE  ORIENTATIONAL  PRINCIPLES  OF  THE  SHEAR  METHOD  ARE 
OISCUSSED  IN  COMPARISON  WITH  THE  L-B  TECHNIQUE. 


SUMMARY  (Cont.) 


THE  SUPERIORITY  OF  THE  SHEAR  METHOD  IN  PROVIDING  GOOD 
OPTICAL  QUALITY  SINGLE  CRYSTAL  FILMS  OF  CONTROLLED 
THICKNESS  AND  ORIENTATION  IS  DEMONSTRATED  WITH  MANY 
EXAMPLES. 


CHANNEL  WAVEGUIDING  IS  DEMONSTRATED  (PROPAGATION 
>  5  mm)  FOR  SHEAR-GROWN  PTS  FILMS. 


PRELIMINARY  RESULTS  OF  INTENSITY  DEPENDENT  PHASE  CHANGE 
IN  PTS  WAVEGUIDES  ARE  OISCUSSED. 


D.  Haarer 

Universitat  Bayreuth,  West  Germany 


HIGH  RESOLUTION 

LASER  SPECTROSCOPY  IN  POLYMERS 


S-4 


Fig. 3. 12.  Functional  dependence  of  the  tunnelling  matrix  element  A0  on  the  TLS- 
parameters  X  (Fig. 3. 12a)  and  A  (Fig. 3. 12b)  (see  text) 
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density  of  states 
inn*  170°  180" 


•  0  and  one  was  burned  at  the  field  EQ  (3.123)  transition  dipoie  moment  £u  is  the  electric  field  strength  and  k  is  lh<  wave  vector  of 

the  incident  light 

Fig. 3.20.  Measured  and  calculated  hole  profiles  for  the  system  Zn-TDP  (CfilltCII,)« 
in  polyvmylbutyral  (see  (3  124)).  Here  the  average  change  in  dipole  moment  >s  • 

0.174  Debye  units 
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Fig. 3. 24.  Line  shifts  of  MjPc 
in  PS,  PE  and  PMMA  in  the 
low  pressure  regime 
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Optical  Kerr  Measurements  on  some  Ferrocene  Derivatives. 


C.S.  Winter.  J.D.Rush  and  S.N.Oliver. 

British  Telecom  Research  Labs., 
Martlesham  Heath, 

Ipswich  IP5  7RE, 

England. 


We  report  here  preliminary  results  from  a  study  of  the  third  order  non-linearities  in 
a  range  of  organo-metallic  compounds.  These  initial  measurements  have  been 
carried  out  carried  using  the  optical  power  limiter  technique  developed  by  Soileau 
et  al (1),  where  the  critical  power  for  self-focusing  is  measured  and  used  to  calculate 
n,.  The  materials  measured  were  solutions  of  ferrocene  in  ethanol,  varying  from 
10ls  to  10‘9  molecules/cc  and  a  liquid  ferrocene  derivative, 
bis(trimethylsilyl)ferrocene.  A  value  of  ^  for  ferrocene  of  4.1x10”  esu  was  found 
for  the  solution  studies,  in  good  agreement  with  that  measured  for  the  liquid 
derivative  of  4.6x10"”  esu  .  The  experiments  were  carried  out  at  1.06  «m  with  10  ns 
pulses.  We  are  currently  repeating  the  measurements  using  other  techniques  and 
shorter  pulses  to  distinguish  the  various  possible  contributions  to  the  observed  n.. 


(1)  MJ.Soileau,  W.E. Williams  and  E.W.Van  StryIand;IEEE  J  Quant  Elect..QE- 
19, (1983), 731. 


Theoretical  models  for  the  second  hyperpolarizability  of 
novel  conjugated  polymers 


David  N.  Beratan 
Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Pasadena,  CA  91109 


Theoretical  models  will  be  presented  for  the  chain  length  dependence  of  the 
second  electronic  hyperpolarizability  of  simple  polyenes,  simple  polyynes, 
and  more  complicated  unsaturated  organic  materials.  The 
hyperpolarizability  of  conjugated  polymers  which  incorporate  novel 
localized  electronic  states  will  be  described  as  well.  These  materials  present 
the  possibility  of  achieving  enhanced  hyperpolarizabilities  due  to  mixing  of 
appropriate  "gap  states"  with  the  delocalized  states  of  the  conjugated 
polymer.  They  also  present  the  possibility  of  designing  materials  with 
"switchable"  hyperpolarizabilities. 


NONLINEAR  OPTICAL  PROPERTIES  OF  TRANSITION  METAL  POLi'-TNES 
E.A.  Chauchard,  M.P.  Cockerham,  P.L.  Porcer,  S.  Guha,  C.C.  Frazier 
Martin  Marietta  Laboratories 
1450  South  Rolling  Road 
(301)  247-0700 

Data  from  third  harmonic  generation  (with  a  1.06-um  fundamental), 
power  limiting  and  four-wave  mixing  measurements  of  solutions  and  films  of 
transition  metal  poly-ynes  were  used  to  verify  that  these  compounds  have 
large  third-order  optical  susceptibilities.  The  large  third-order 
nonlinearities  observed  in  four-wave  mixing  studies  of  metal  poly-yne 
solutions  may  originate,  in  part,  from  contributions  from  the  real  and 
imaginary  components  of  intense  two-photon  absorptions  associated  with  the 
metal-organic  compounds.  We  will  discuss  our  latest  four  wave  mixing 
experiments  and  the  direct  observation  of  two-photon  absorption  in  metal 
poly-ynes . 

We  will  also  discuss  the  correlation  of  polymer  chain  length  and 
structure  with  third-order  hyperpolarizability  per  repeat  unit  for  several 
metal  polymers  and  oligomers. 


REVERSE  SATURABLE  ABSORBERS: 


INDANTHRONE  AND  ITS  DERIVATIVES 


R.  S.  Potember,  R.  C.  Hoffman,  and  K.  A.  Stetyick 
Johns  Hopkins  University  Applied  Physics  Laboratory 
Johns  Hopkins  Road 
Laurel,  MD  20707-6099 


Indanthrone  has  been  shown  to  exhibit  the  phenomenon  of  reverse  saturable 
absorption.1  The  wavelengths  at  which  indanthrone  behaves  in  this  fashion  can 
be  changed  by  structural  modification  of  the  indanthrone  chromophore.  The 
derivatives  which  have  been  synthesized  have  been  shown  to  be  more  efficient 
reverse  saturable  absorbers  than  the  parent  chromophore. 

It  is  advantageous  to  extend  the  range  of  nonlinear  behavior  to  any  desired 
portion  of  the  spectrum,  and  this  is  best  accomplished  by  substitution  on  the 
aromatic  portion  of  the  indanthrone  molecule.  We  have  demonstrated  that  oxidized 
indanthrone,  monochloroindanthrone  and  an  oligomer  of  indanthrone  are  more 
efficient  saturable  absorbers  than  the  parent.  Oxidized  and  monochloro¬ 
indanthrone  exhibit  reverse  saturable  absorption  at  both  1064  nm  and  532  nm, 
whereas  indanthrone  itself  exhibits  the  phenomenon  at  532  nm  only.  The 
oligomer,  which  consists  of  three  anthraquinone  units,  has  proved  to  be  an  effi¬ 
cient  reverse  saturable  absorber  at  1064  nm  as  well  as  at  532  nm. 

1C.  R.  Giuliano  and  L.  0.  Hess,  IEEE  J.  Quantum  Elec.  QE-3,  338  (1966). 

This  work  was  supported  in  part  by  the  Dept,  of  the  Navy  under  Contract  No. 
N00039-87-C-5301. 


THE  PREPARATION  AND  CHARACTERIZATION  OF  POLYMERIC  MATERIALS 
WITH  ENHANCED  SECOND  ORDER  NONLINEAR ITLES.  M.L.  Schilling,  H  E. 
Katz,  D.I.  Cox,  AT&T  Bell  Laboratories,  Murray  Hill,  NJ  07920. 


We  have  recently  introduced  a  new  class  of  organic  materials  for  second  order 
nonlinear  optics,  consisting  of  poled  films  of  dye-containing  polymers.  In  the  past 
year,  some  uncommon  functional  groups  (di-  and  tricyanovinyl)  have  been  shown  to 
enhance  the  molecular  susceptibilities  of  the  nonlinear  moieties  when  used  instead  of 
their  more  usual  counterparts.  Dyes  with  enhanced  nonlinearities  by  virtue  of  the 
cyanovinyl  substituents  have  been  exploited  in  the  preparation  of  bulk  materials  with 
some  of  the  highest  second  order  susceptibilities  yet  reported. 

The  synthesis  of  conformationally  defined  dye  aggregates,  whose  subunit  dipoles 
are  constrained  to  be  additive,  is  in  progress.  These  dyes  can  then  be  incorporated  into 
polymeric  materials,  taking  advantage  of  their  enhanced  effective  dipole  moments  for 
increased  orientation  in  poling  experiments.  We  will  report  some  of  the  new  synthetic 
organic  chemistry  that  has  been  utilized  in  preparing  our  latest  electro-optical 
materials. 


Second  Harmonic  Generation  in  Doped  Glassy  Polymer  Films  as  a 
Function  of  Physical  Aging 

Hilary  L.  HampschCa],  Jian  Yangl'c],  George  X .  Wcr.gib!, 
and  John.  M.  Torkel son! a, c ] * 

[ai  Department  of  Materials  Science  and  Engineering 
[ fc :  Department  of  Physics  and  Astronomy 
[cl  Department  of  Chemical  Engineering 
and  the  Materials  Research  Center 
Northwestern  University 
Evanston,  Illinois 
March  31,  1988 

ABSTRACT 

The  temporal  stability  of  second  harmonic  generation  (SHG; 
intensity  is  measured  in  poly'methyl  methacrylate)  (PMMAi  and 
b ispheno 1 -A-po 1  year bona te  (PC;  doped  with  nonlinear  optical  dyes 
in  electric  field  poled  films.  Doped  PC  films  show  slower  SHG 
decay  than  doped  PMMA  films  at  times  less  than  3  hours.  In 
PC*CANS  films  aged  10  hours  at  25°C,  there  is  no  SHG  decay  over 
the  first  8  hours,  whereas  in  PMMA+DANS  aged  at  25°C  and  at  60°C 
the  effect  is  much  smaller.  Two  dopants  shew  the  effect  of  size 
on  SHG  decay,  with  the  larger  dopant  showing  increased  temporal 
stability.  Good  agreement  is  obtained  when  decay  curves  are  fit 
using  a  Will iams-Watts  stretched  exponential. 

*  to  whom  correspondence  should  be  addressed 
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Abstract 


There  is  a  military  need  for  sensor  systems  that  combine 
high  sensitivity,  immunity  to  EMI/RFI,  large  bandwidth,  and  low 
power  and  cost.  The  hybridization  of  present  day  electronic 
components  with  optical  components  offers  the  promise  of  sensor 
systems  that  meet  these  requirements. 

Unisys  has  been  developing  a  PVDF-coated  fiber  optic, 
electric  field  sensor  and  now  has  expanded  its  program  to  include 
nonlinear  organic  polymers  as  cladding  and  waveguide  material. 
This  paper  will  report  on  progress  using  Guest/Host  (GH)  polymers 
as  cladding  material. 

The  concept  of  an  all  dielectric  high  frequency  sensor  is 
demonstrated.  The  sensor  consists  of  a  Ag*  exchange  waveguide 
coated  with  a  GH  nonlinear  polymer  glass.  The  sensor  is 
incorporated  into  one  arm  of  a  Mach-Zender  interferometer  and 
exhibits  a  figure  of  merit  of  4  microradians/volt/meter/meter . 

The  frequency  response  is  flat  from  DC  to  our  current 
instrumentation  limit  of  5  MHz. 

This  sensor  design  was  chosen  primarily  as  a  vehicle  that 
would  allow  an  easy  method  to  test  and  verify  design  parameters 
for  fiber  sensor  systems.  These  parameters  include  index  and 
depth  of  guide  vs.  index,  thickness  and  E-0  coefficients  of  the 
cladding.  We  will  present  a  comparison  of  the  results  of  this 
sensor  with  those  from  the  PVDF  sensor  program. 
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C .  T .  Lin .  H.W.  Guan,  R.  K.  McCoy  and  C.  'J .  Spangler 

Department  of  Chemistry 
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ABSTRACT 

_Tha  p , p^disubstituted  linear  diphenyl  polyenes  are  expected  to  have  a  high 
optical  nonlinear  susceptibility  because  of  its  large  permanent  dipole  moment 
induced  by  the  substituents  .  The  photophysical  properties  for  a  series  of 
p , p disubs tituced-1 , 6 -diphenyl - 1 , 3 , 5 -hexatrienes  (referred  as  D.A-DPH)  are 
investigated,  where  D  and  A  are  the  e lectron- donating  and  -  accepting  groups  of 
-OCH3,  -N(CU.3)2  and  -NO2.  In  all  solvents  used,  a  dual  fluorescence  is 
observed  for  D.A-DPH  containing  the  internal  rotation  groups  of  -N(CH3)2  and/or 
-NO2,  suggesting  that  the  "a*"  fluorescence  (the  locally  excited  state  gives 
the  normal  "b*"  fluorescence)  is  originated  from  a  twisted  intramolecular 
change  transfer  (TICT)  state.  The  stability  of  TICT  state  is  sensitive  to  the 
D  and  A  substituents  and  their  relative  twisting  angles.  The  observed  results 
provide  the  evidence  of  the  ^-electron  distortion  and  thus  the  enhancement  of 
optical  nonl.nearity  in  this  class  of  molecules. 


Second  and  Third  —  Order  Nonlinear  Optical  Properties  of 
End  — Capped  Acetylenic  Oligomers 
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Jet Propu/sion  Laboratory,  California  Institute  of  Technology 
4800 Oak  Grove  Drive,  Pasadena,  CA  91109 


We  have  been  investigating  the  second  and  third  -  order  nonlinear  optical 
properties  of  a  variety  of  acetylenic  oligomers.  A  series  of  symmetric  acetylenic 
oligomers  of  the  form 

R — (C==C)  —  R  | 

n 

have  been  investigated  for  third  -  order  nonlinear  susceptibility.  A  series  of  new 
compounds  of  the  form 

D  — (C=C)  —  A  II 

n 

where  D  and  A  are  electron  donor  and  acceptor  groups,  respectively,  have 
been  synthesized  and  investigated  for  second  -  order  nonlinearity.  Third  - 
order  nonlinear  susceptibilities  of  series  I  molecules  in  solution  have  been 
measured  using  third  harmonic  generation  (THG).  THG  susceptibilities  at 
1 064  nm  have  been  determined  for  various  oligomer  lengths  and  end  —  capping 
groups.  X(3)  increases  with  length  and  varies  with  the  nature  of  the  end  - 
group.  Series  II  compounds  have  been  screened  for  second  harmonic  gener¬ 
ation  by  using  the  Kurtz  powder  method.  Several  samples  show  SHG  efficien  - 
cies  comparable  to  urea.  Characterization  of  molecular  hyperpolarizabilities 
forthe  series  is  in  progress. 
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ABSTRACT 


We  report  observations  of  optical  field  induced  scattering 
in  polymer  dispersed  liquid  crystal  films  due  to  reorientation  of 
the  liquid  crystal  molecules  by  the  optical  field  of  a  CW  argon 
ion  laser.  These  composite  materials  consist  of  nearly  spherical 
liquid  crystal  droplets  dispersed  in  a  polymer  binder.  As 
previously  reported  1-2-3,  films  of  these  materials  may  be 
switched  from  an  opaque  scattering  state  to  a  clear  transparent 
state  by  application  of  a  d.c.  or  low  frequency  a,c.  electric 
field.  An  applied  low  frequency  electric  field  is  used  to  align 
the  liquid  crystal  in  an  orientation  such  that  the  refractive 
index  of  the  liquid  crystal  within  the  droplet  is  matched  with 
that  of  the  polymer  binder.  If  a  sufficiently  intense  optical 
field  is  applied  to  the  transparent  film,  it  will  reorient  the 
liquid  crystal  director,  and  give  rise  to  a  refractive  index 
mismatch  and  hence  scattering. 


1.  J.W.  Doane ,  N.A.  Vaz,  B.-G.  Wu  and  S.  Zumer,  App.  Phys.  Lett. 
48 ,  269  (1986) . 

2.  J.L  West,  Mol.  Cryst.  Liq.  Cryst.  (in  press). 

3.  S.  Zumer  and  J.W.  Doane,  Phys.  Rev.  A  2i»  3373  (1986). 


FABRICATION  OF  WAVEGUIDE  STRUCTURES  FROM  SOLUBLE 
POLYDIACZTYLENES.  G.L.  Baker,  N.E.  Schlotter  J.L.  Jaokel,  P.  Townsend, 
S.Etemad,  Bell  Communications  Research,  Red  Bank  NJ  07701 . 

Thin  waveguide  structures  were  fabricated  from  spun  films  of  poly(3-BCMU)  and 
poly(4-BCMU)  by  two  separate  processes.  In  the  first,  micron-sized  features  were 
patterned  in  polydiacetylene  films  using  deep-UV  lithography.  This  multilayer  process 
utilizes  a  novel  silicon-substituted  polyacetylene  as  the  resist  layer,  and  can  be  used  to 
generate  sub-micron  sized  features  in  thick  (>Vm)  polydiacetylene  films. 

In  the  second  method,  composite  waveguides  were  fabricated  from  a  patterned  glass 
substrate  and  an  overlayer  of  the  polydiacetylene.  These  composite  structures  are 
relatively  simple  to  prepare  and  are  mechanically  robust.  Guides  constructed  as 
described  above  performed  well  with  minimal  losses  and  single-moded  behavior  at 
laser  wavelengths  of  1-1.5  n.m. 
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